We propose and experimentally demonstrate a photonic crystal nanocavity with multiple resonances that can be tuned nearly independently. The design is composed of two orthogonal intersecting nanobeam cavities. Experimentally, we measure cavity quality factors of 6,600 and 1000 for resonances separated by 382 nm; we measure a maximum separation between resonances of 506 nm. These structures are promising for enhancing efficiency in nonlinear optical processes such as sum/difference frequency and stimulated Raman scattering.
3.53 for range plotted in Fig. 2a ). Fig. 2b shows tuning of the quality factor of an individual resonance calculated by FDTD by adjusting the cavity length (a minimum cavity length is required to avoid overlap between the holes forming cavities in each beam). The resonant wavelength as well as quality factor of the beam can also be tuned by varying other parameters; Fig. 2c shows the change in resonant frequency and quality factor as width of the horizontal beam is varied. To study the overall effect f varying a single parameter, we plot a figure of merit for nonlinear frequency conversion Fig. 2d (right axis), which is seen to depend primarily on Q 2 (as mentioned previously, for large horizontal beamwidths, the quality factor of the higher frequency mode is limited by diffraction into the orthogonal beam).
For nonlinear frequency conversion applications, it is important for cavity field patterns to have large spatial overlap. Defining the nonlinear overlap, normalized to 1, as [12] 
where N L indicates nonlinear material only, we calculate γ=0.02 for the structures shown in Fig. 1 . This number could be increased to 0.07 by decreasing the number of taper periods from 5 to 3 to further localize the field to the central region; however, the quality factors are reduced to 1440 and 1077 respectively, although this could likely be increased by reoptimization of other parameters. A scanning electron microscope (SEM) image of a fabricated structure is shown in Fig. 3a . The structures are defined by e-beam lithography and dry etching, as well as wet etching of a sacrificial AlGaAs layer underneath the 164 nm thick GaAs membrane. To compare the experimental structure with the proposed design, we simulate the fabricated structure by converting the SEM image to the binary refractive indices of air and GaAs [21] . The thresholded SEM image used for simulation is shown in Fig. 3b . Figs. 3c, 3d show the simulated electric field for the two resonances of the fabricated structure, with expected resonances at 1477 nm (Q=4100) and 1043 nm (Q=540). Finally, we experimentally characterize our design by performing a reflectivity measurement in the cross-polarized configuration [22] (Figs. 3e, 3f ) using light from a tungsten halogen lamp which is linearly polarized using a Glan Thompson polarizer and polarizing beamsplitter. The cavity is oriented at 45 degrees to both the polarization of the incident light and orthogonal polarization used for measurement. We measure quality factors of 6600 at 1482.7 nm and 1000 at 1101 nm. Differences between simulation of fabricated structures and experimentally measured resonances are most likely due to computational error in binary thresholding of the refractive index. Experimentally, the largest separation between resonances we have measured is 506 nm.
In conclusion, we have proposed and demonstrated the design of a photonic crystal cavity with multiple nearly independent resonances, with up to 382 nm separation measured experimentally and Q>1000 for both resonances. The design also features independent waveguide channels for two resonances, which facilitates their spatial separation, as is desirable in many applications. Our design is promising for resonantly enhancing on-chip nonlinear frequency interactions, such as stimulated Raman scattering (which could be achieved in semiconductors such as GaAs or Si by a slight detuning between the parameters of the two beams) and sum/difference frequency generation. By choosing the parameters of the two beams to be the same, these structures could also serve as polarization-degenerate cavities, which would be desirable for coupling to spin states of embedded quantum emitters [23] or for building polarizaton entangled photon sources based on a bi-excitonic cascade from a single quantum dot [24, 25] . 
